Objectives-To assess the proportion of children with febrile disease who suVer from malaria and to identify clinical signs and symptoms that predict malaria during low and high transmission seasons. Study design-2490 children aged 2 to 59 months presenting to a health centre in rural Ethiopia with fever had their history documented and the following investigations: clinical examination, diagnosis, haemoglobin measurement, and a blood smear for malaria parasites. Clinical findings were related to the presence of malaria parasitaemia. Results-Malaria contributed to 5.9% of all febrile cases from January to April and to 30.3% during the rest of the year. Prediction of malaria was improved by simple combinations of a few signs and symptoms. Fever with a history of previous malarial attack or absence of cough or a finding of pallor gave a sensitivity of 83% in the high risk season and 75% in the low risk season, with corresponding specificities of 51% and 60%; fever with a previous malaria attack or pallor or splenomegaly had sensitivities of 80% and 69% and specificities of 65% and 81% in high and low risk settings, respectively. Conclusion-Better clinical definitions are possible for low malaria settings when microscopic examination cannot be done. Health workers should be trained to detect pallor and splenomegaly because these two signs improve the specificity for malaria. (Arch Dis Child 1999;81:216-220) 
Malaria contributes to about 1 million childhood deaths worldwide each year, mostly in sub-Saharan Africa. 1 In sub-Saharan Africa, children with fever are generally treated with antimalarial drugs without laboratory confirmation of parasitaemia. 2 Even though most of sub-Saharan Africa belongs to the malaria hyperendemic or holoendemic areas, the actual risk of malaria transmission varies considerably: it is often much lower in urban areas, in semi-arid zones, in highland fringe areas, and during the dry season. The proportion of children correctly diagnosed with malaria varies according to the prevalence and whether it is the high transmission or low transmission season. 3 Because malaria is a serious, potentially life threatening disease, it is customary in high transmission seasons or highly endemic areas to treat all children with febrile disease with an antimalarial drug when laboratory diagnosis is not available. 4 During high transmission seasons, overtreatment of children with fever but without parasitaemia with antimalarial drugs could be avoided by the use of better clinical definitions. 5 However, the problem is worse in settings with a low risk of transmission, where malaria accounts for only a small proportion of febrile cases, and a presumptive diagnosis of malaria results in enormous over treatment with an antimalarial, increased risk of rapid development of resistance, and increased risk of misdiagnosis of other febrile illnesses, such as typhoid fever and relapsing fever. 6 In the current recommendation in the algorithm for the "integrated management of childhood illnesses" (IMCI) developed by WHO and UNICEF, 7 the febrile child from a low risk malaria setting is treated for malaria if there is no running nose or measles. However, there are insuYcient data to support the above recommendation.
Therefore we planned our study to assess the proportion of children presenting to a health care facility with febrile disease who have malaria, and to identify clinical signs and symptoms that predict malaria in contrast to other febrile diseases during low and high transmission seasons.
Methods

STUDY SETTING
The study site is located in the densely populated Butajira district, 130 km south of Addis Ababa, Ethiopia. The topography of Butajira comprises highland, lowland, and in between characteristics with altitude ranging between 1500 and 2300 m above sea level. The town of Butajira where the study health centre was situated lies at an altitude of 2000 m and, therefore, at the border of the malaria endemic area. There is usually very little transmission of malaria during the first four months of the year, January to April. Both Plasmodium falciparum and Plasmodium vivax are prevalent in the district.
PATIENT ENROLMENT
Children between 2 and 59 months of age, who presented at the outpatient department with fever (citing either a recent history of fever and/or a recorded rectal temperature of 38°C or above) in the morning working hours of the day were eligible for the study. All children with fever were registered on a logbook where a research nurse entered their weight, height, residence, and diagnosis. A systematic sample of these children (every other child) was enrolled. Enrolled children had a detailed history and clinical examination performed by a study physician. A total of 59 variables was defined and documented (table 1) . To maintain the quality of the clinical data, in addition to the intensive initial training and the pilot study, the senior investigators saw the same patients during their weekly visits and filled the same forms independently. The cases were discussed afterwards and discrepancies resolved.
LABORATORY TESTS
A finger prick blood sample for haematocrit, malarial parasites, and Borrelia recurrentis was obtained for thick and thin film examination. Blood films were stained with 4% Giemsa stain and examined for 100 microscopic thick film fields under an oil immersion objective before being declared negative. Densities were recorded as the number of parasites/200 white blood cells. Using a standard mean white blood cell count of 8000/µl, the densities were converted to the number of parasites/µl of blood. 8 Serum, cerebrospinal fluid, and/or urine samples were obtained from children with a clinical suspicion of sepsis, typhus, typhoid, meningitis, or a urinary tract infection. The physician recorded the immediately available laboratory results on the patient's form and made a diagnosis. Sample collection was carried out over one whole year to include both high and low risk malaria seasons. To maintain the quality of laboratory results, all blood films were taken in two containers and the tests were repeated centrally in Addis Ababa. Discrepancies of the blood film results were resolved by discussions by the laboratory technicians. Repeated presentations of the same patients with the same problem were excluded. The investigators ensured that appropriate measures were taken for sterilisation of equipment to avoid transmission of microorganisms by syringes and needles or pricking materials, in accordance with the recommendation adopted by the WHO Global Programme on AIDS.
CLINICAL DEFINITIONS
In the categorisation of febrile disease, the following case definition was used-malaria: any degree of parasitaemia of plasmodium was considered positive. The species of plasmodium (P vivax or P falciparum) was determined. A second cut oV point of 10 000 parasites/µl was used in a second analysis because it has been suggested that it reflects clinical malaria better. 9 Treatment was according to standard practice. Very sick children were referred to the nearest hospital. Informed consent was obtained from the caretakers or guardians.
ANALYSIS
Data were entered into EpiInfo version 6 program. The frequency of malaria cases, as defined above, versus other febrile illnesses was compared for every month and season, and low versus high transmission seasons for malaria were defined. Frequencies were compared using the 2 test. The odds ratios for signs and symptoms taken singly were evaluated, defining malaria by any parasitaemia and by parasitaemia > 10 000/µl of blood. Logistic regression was used to assess the independent contribution of the signs and symptoms. Sensitivity and specificity of significant signs and symptoms or combinations were computed for both high risk and low risk seasons. Analysis was done using EpiInfo and Stata software packages.
Results
Our study was conducted over a period of 12 months during the calendar year 1996. Of 2540 children aged between 2 months and 5 years who were enrolled, 2490 had a complete examination including laboratory investigations. Of these, 730 (29.3%) were less than 12 months of age, and 552 (22.2%) were between 12 months and 2 years old. There were 1322 (53.1%) boys and 1168 (46.9%) girls. Eighty three children (3.3%) required admission to the health centre and of these nine needed further referral to a hospital 90 km away. There was only one child who died during the follow up period after enrolment (diagnosis of malaria and severe pneumonia). Of the 2490 children, 120 (5%) were re-examined by senior clinicians to check the reproducibility of clinical findings. Every month, between 190 and 253 children were enrolled into the study. There were 804 children (32.3%) enrolled during the low malaria transmission season (January to April, hereafter referred to as low risk), whereas there were 1686 children (67.7%) enrolled during the high malaria transmission season (hereafter referred to as high risk) (fig 1) . Of the children with febrile illnesses other than malaria, there were 36 cases of relapsing fever, 71 cases of measles, and 10 cases of typhoid fever; for all three infections there was no significant diVerence in incidence between low and high risk malaria seasons. There were 695 children with pneumonia contributing to 27.9% of the enrolled children (38% during low risk and 22% during high risk malaria seasons). There were 665 patients with diarrhoea, accounting for 26.7% of all enrolled children (45% during low risk and 16% during high risk malaria seasons). Figure 1 shows the proportion of malaria cases among the children for every month of the year. There were 48 cases of malaria with a mean monthly prevalence of 5.9% in the low risk season, and a total of 511 malaria cases with a mean monthly prevalence of 30.3% in the high risk season. During this season the prevalence of malaria increased to reach a peak of 50% in October and then declined. The difference in the prevalence of malaria between the two periods of the year was significant (table 2) . There were 233 children (41.7%) with P vivax malaria, 326 children (58.3%) with P falciparum malaria, and four were infected with both species of plasmodium. During the low transmission season, 47.2% had P vivax and during the high transmission season 41.2% had P vivax (not significant).
Using univariate analysis, the odds ratio to malaria for all symptoms and signs was computed and those with a significant association are shown in table 3. When malaria was defined as parasitaemia > 10 000, only three cases were found during the low risk season and 69 cases during the high risk season. Therefore, analysis using this definition was only done for the high risk season. When malaria was defined as any parasitaemia, 28 signs and symptoms were identified to be significantly associated with malaria in the high risk season. When malaria was defined by the presence of parasitaemia > 10 000/µl, only 15 of these signs and symptoms were significantly associated. Eleven of the 28 parameters were found to be significantly associated with any parasitaemia in the low risk season. During the high risk season, some of these, such as the presence of runny nose, diarrhoea, earache, poor feeding, cough, exudative tonsils, red or bulging ear drums, chest wall indrawing, crepitations, signs of dehydration, or a measles rash, were found to be negatively associated, indicating that malaria was less likely in their presence. Other clinical signs, such as coming from a known malarious area, previous attack of malaria, intermittent fever, chills or rigors, convulsions, diYculty in breathing, pallor, fast breathing, grunting, pulsations over the neck, a gallop rhythm, a heart murmur, hepatomegaly, a tender liver, splenomegaly, and peripheral oedema, were significantly positively associated risk factors. The clinical findings significantly negatively associated with parasitaemia during the low risk season were a runny nose, diarrhoea, earache, cough, and diYculty in breathing, whereas positively associated findings were patient coming from a malarious area, a previous malaria attack, chills or rigors, pallor, a systolic heart murmur, and splenomegaly (table 3) . When the significantly associated clinical findings found in the univariate analysis were used in a logistic regression analysis, only a few remained significant (table 4). During the low risk season, six findings were significantly associated with malaria (positively or negatively). During the high risk season, nine findings were found to be significantly associated with malaria defined as any parasitaemia. When these signs were analysed for heavy parasitaemia (> 10 000/µl) running nose, cough, and previous attack of malaria became nonsignificant and earache became significant.
The sensitivity and specificity of those signs and symptoms that were found to be significantly associated with malaria using the logistic regression analysis either for the high risk or the low risk season were computed as shown in table 5. None of these signs individually had both sensitivity and specificity > 60%. The current IMCI recommendation as applied for the low risk setting had a sensitivity of 71% and a specificity of 56%. A combination of fever, previous attack of malaria, or pallor or no cough gave a 75% sensitivity and 60% specificity for the low risk setting. A combination of fever, previous attack of malaria, or pallor or splenomegaly raised the specificity to 81% and the sensitivity was nearly 65% for the low risk setting. The latter combination gave the best sensitivity and specificity (80% and 69%, respectively) for the high risk setting.
Discussion
Because microscopy for the diagnosis of malaria is often unavailable in peripheral health facilities in developing countries, our study aimed to identify a few clinical features that are both sensitive and specific for the diagnosis of malaria by low level health workers. Thus, even though we started out with 59 clinical findings, some of which were probably inappropriate for training of low level health workers, we have found a few simple clinical findings and combinations that can be used to improve the prediction of malaria in children with fever and to guide initiation of treatment. These features are particularly important during low transmission seasons, but it was interesting to note that they performed similarly in both high and low season. Because during high malaria transmission some children might be expected to have a low asymptomatic parasitaemia, a threshold of 10 000/µl of blood (which has been suggested to reflect clinical malaria better) was also used for analysis. 4 9 As suggested by the WHO, our study used the presence of a history of fever or documented fever by the health worker as an entry point for considering malaria. Our studies confirm that measured temperature at the time of presentation to a health facility is not a useful criterion by itself, because only 25% of our cases had a recorded fever. Surveys of health facilities in Cote d'Ivoire 10 and Angola 11 showed that body temperature was measured in only 68% and 2%, respectively, of children who were brought to clinic because of fever. Therefore, we feel that a recent history of fever is an adequate reason to suspect malaria and to investigate the child further.
Addition of pallor and splenomegaly increased the specificity of this all encompassing definition considerably. However, standardisation and training of health workers to assess children for pallor can be diYcult. Previous studies that have used pallor to diagnose anaemia have had mixed results. [12] [13] [14] [15] [16] Health workers in high risk malaria areas are likely to see pallor so often that they learn to detect it more reliably. 17 More eVort to train health workers in low risk areas to detect pallor might be worthwhile. Grover has suggested that health workers need additional training to detect splenomegaly, 18 although interobserver variability and insensitivity have been reported. 19 However, a recent study from the Gambia suggests that splenomegaly can be detected reproducibly by staV with limited training. 17 Our finding of an association between fever and splenomegaly and malaria is supported by other studies. 5 20-23 In low risk settings, detecting another cause of fever reduces the likelihood of malaria. Thus, the absence of other obvious causes of infection such as running nose or cough or diarrhoea gave a reasonably high sensitivity and specificity. Because the number of measles cases was small in our study, the inclusion of absence of measles was not very useful. Although signs of pneumonia were also negatively associated with malaria, it should be noted that a considerable overlap between the presentation of pneumonia and malaria has been reported elsewhere. 24 Our analysis has not tried to look at the clinical predictors for the diVerent species of malaria or at the impact of the presence of other diagnoses such as pneumonia, typhoid fever, or relapsing fever. These diagnoses require better training of staV and/or additional laboratory tests, which are not available in many peripheral health facilities.
In summary, we found that the specificity of the diagnosis of malaria can be increased without great sacrifice to sensitivity by using a combination of a few simple clinical findings. The most useful clinical signs are pallor and an enlarged spleen. Better clinical definitions like these can result in economy in antimalarial drug use, which may reduce the speed of emergence of resistance to such drugs. However, there will always be a compromise between sensitivity and specificity. Particularly in low transmission seasons or settings, investment in facilities for microscopy might be worthwhile. 25 Our results might be useful in settings where microscopic examination cannot be performed, as is currently the case in most of subSaharan Africa.
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